In this paper a regional flood frequency analysis based on the two-component extreme value ͑TCEV͒ distribution is developed using flood data recorded in Sicily. The hierarchical approach, characterized by three investigation levels for estimating the parameters of the theoretical distribution, is discussed first. The highest level of homogeneity hypothesis with regard to the skewness coefficient was verified by using a Monte Carlo technique and taking account of the separation effect proposed by Matalas et al. in 1975 . This analysis also showed ͑1͒ the inability of the generalized extreme value model to reproduce the empirical cumulative distribution function ͑CDF͒ of the skewness coefficients, and ͑2͒ the convenience of using annual maximum peak flood data instead of annual maximum mean daily discharge records to estimate the parameters of the TCEV model. At the second level of regionalization, three different methods for identifying hydrologically homogeneous subregions are then performed: the first is based on the R-statistic test discussed by Wiltshire in 1986; the second is based on the hypothesis of statistical self-similarity of each selected area considering sampling statistical moments, discussed by Gupta et al. in 1994 ; and the third is founded on the same hypothesis of statistical self-similarity by using the sampling probability weighted moments discussed by Kumar et al. in 1994 . The analysis showed that a further division into three subregions proposed by Cannarozzo et al. in 1995 is not necessary, and that a single theoretical growth curve is able to reproduce the empirical CDF of the standardized variable xЈ. Finally, the third level of investigation showed that two different empirical relationships proposed for estimating the index flood x could be used for establishing the Q-T relationship anywhere in the region.
Introduction
Flood frequency analysis is often required for determining critical design discharges for small-to moderate-sized hydraulic structures. This process requires a choice of a theoretical cumulative distribution function ͑CDF͒ able to give an accurate estimation of extreme flow, Q, associated with a fixed recurrence interval, T ͑the so-called Q-T relationship͒ ͑Zrinji and Burn 1996͒. A common difficulty in estimating the Q-T relationship arises when the length of the historical sequences at the site of concern is shorter than a desired return period. In this case, the choice of CDF is based on an a posteriori examination of the goodness of fit of the theoretical distribution function to the empirical one in the range of the observations.
As the range of interest is represented by the upper tail ͑greater T͒ of the distribution, different theoretical models, which fit satisfactorily the central area ͑T Ͻ 10 years͒, can give very different quantile estimates if extrapolated to much higher T ͑Landwehr et al. 1978, 1980͒. To reduce this uncertainty, many authors ͑Wallis et al. 1974͒ focused attention on the higher moments of a distribution ͑skewness coefficient͒ because of the recognized influence of these moments on the shape of the tail. Matalas et al. ͑1975͒, examining 1,351 stream-gauging stations in 14 hydrologically homogeneous regions subdividing the United States, compared the mean ḡ and standard deviation ͑g͒ of regional estimates of skewness g from nonoverlapping flood series of lengths n = 10, 20, and 30 with the mean Ḡ and standard deviation ͑G͒ of estimates of skewness G derived by Monte Carlo experiments for several well-known distribution functions ͑normal, three-parameter lognormal, Gumbel, Pearson Type 3, Weibull, Pareto, and uniform͒. The writers observed that the estimates computed from the historical records were more variable than those calculated from similar-sized data sets randomly generated, namely, for ḡ = Ḡ , ͑g͒ Ͼ ͑G͒; they called this phenomenon the condition of separation or separation effect.
Some authors ͑Ahmad et al. 1988͒ have used the results obtained by Matalas et al. ͑1975͒ as a criterion to establish whether a theoretical probability distribution is adequate to reproduce the variability observed in empirical flood data sets. In other words, the flood historical sequences are distributed according to a given theoretical CDF if for the selected probability distribution function the separation effect does not occur.
On the other hand, other authors ͑Wallis et al. 1977; Ashkar et al. 1992͒ concluded that the separation effect could be explained by spatial mixing of skewness values within the same region, and a person would not be justified in using this as a criterion for choosing the type of distribution to be applied in a flood frequency analysis.
More recently, Dawdy and Gupta ͑1995͒ established that the magnitude of skew separation depends of course on heterogeneity ͑mixing͒ among regions, but it is also related to the scaling structure within a homogeneous region. To explain this, they used the notion of simple scaling invariance. According to Gupta et al. ͑1994͒ , the hypothesis of simple scaling invariance ͑also called self-similarity͒ of a stochastic process can be mathematically established by taking account of the statistical moments of the considered stochastic variable. In other words, if the selected area is homogeneous with regard to the hydrological variable x, the statistical moments M j = ͚ i=1 N ͓x i j ͑A͔͒ / N ͑with A = basin drainage area, N = sample size, and j =1,2,... order of the moment͒ have to be log-loglinear in A, and the slopes s͑j͒ of these equations have to be linear in j ͑Gupta et al. 1994͒. Dawdy and Gupta ͑1995͒, analyzing the results obtained by Matalas et al. ͑1975͒ , established that if floods obey simple scaling, the separation effect would not occur.
At present, to use the notion of separation effect as a tool for justifying the use of one type of probability distribution for flood frequency analysis, it is necessary to account for a regional procedure for estimating the parameters of that distribution. To do this, regional flood analysis based on relationships derived using information from basins with similar hydrologic responses can be used. This approach is necessary for estimating floods at a site with no observed data, and recent studies ͑Lettenmaier et Hosking and Wallis 1988͒ have also shown that even where experimental data are available, flood estimates based on regional information are more accurate than those coming from a single site record. According to Wallis et al. ͑1974͒ , regionalization should always be used in statistical analysis of extreme hydrological events because of the large influence that higher moments ͑skewness coefficient͒ exert on the shape of the tail of the distribution.
Regional flood analysis assumes that the data coming from all sites in a hydrologically homogeneous region can be combined in such a way as to produce a single regional flood frequency curve applicable anywhere in that region. One common form of regional flood frequency procedure is based on the statistical distribution of a dimensionless flood obtained by dividing annual flood maxima by the mean annual flood. Dimensionless flood series over the region are then pooled together and a theoretical distribution function is fitted to the combined data.
The selection of a theoretical law ͑parent distribution͒ able to reproduce the statistical parameters of the considered flood variable is crucial in regional flood analysis. According to several authors ͑Hosking et al. 1985a; Haktanir 1992; Zrinji and Burn 1996͒ , the generalized extreme value ͑GEV͒ distribution ͑Jenkinson 1955͒ has been recognized as one of the most suitable candidates for flood frequency analysis. In the U.K., the GEV is advocated as the standard probability distribution ͑NERC 1975͒ and, coupled with a regional probability weighted moments ͑PWMs͒ algorithm for the estimation of its parameters, has been shown superior to the U.S. Water Resources Council's ͑1982͒ method ͑Wallis and Wood 1985͒.
On the other hand, the Italian National Research Group for the Prevention of Hydro-Geological Disasters developed a national research project, Valutazione Piene Italia ͑VAPI͒, to analyze the annual rainfall ͑Ferro and Porto 1999͒ and flood ͑Rossi and Villani 1992͒ series recorded in Italy. The VAPI project is based on the use of the two-component extreme value ͑TCEV͒ distribution ͑Rossi et al. 1984͒ and its hierarchical regionalization procedure ͑Fiorentino et al. 1987; Versace et al. 1989͒ . The regional procedure for estimating the four parameters of the TCEV distribution was carried out in the different Italian regions by considering both the annual maximum peak flood and the annual maximum mean daily discharge data sets.
In this study, after a brief review of the TCEV and GEV distributions and the hierarchical approach for estimating their parameters, a regional flood analysis is performed for the Sicilian region ͑Italy͒. The study has first shown that the TCEV distribution gives better results than the GEV, which overestimates the empirical frequency distribution at the first level of analysis. Second, the analysis shows that, based on the TCEV distribution, a single growth curve with two different empirical relationships for estimating the index flood could be used for evaluating discharges associated with different return periods anywhere in the region.
Hierarchical Regionalization Approach Using TCEV and GEV Distributions
The regionalization approach in flood-frequency analysis requires two important conditions: the definition of a homogeneous region that depends on which aspect of the flood frequency behavior is considered, and the choice of a regionalization model able to reproduce the statistical parameters of the considered flood variable at the regional scale.
Identification of a homogeneous region is necessarily based on statistical tests of hypotheses and depends on the variability of the statistical characteristics ͑skewness, coefficient of variation͒ of the observed flood records in the region. The choice of a regional model should take the following criteria into account: 1. The model must have a theoretical basis deriving from the considered physical phenomenon ͑flood͒; 2. The model must have a descriptive ability, that is, be able to reproduce the statistical characteristics ͑skewness, coefficient of variation, mean͒ of the recorded samples; 3. The parameters of the model must have a physical meaning ͑physical basis͒; and 4. The model must have a predictive ability, that is, the T-year variable estimate must be efficient ͑minimum square error͒ and robust ͑resistant to departure from the hypothesis͒. Following these criteria, Rossi et al. ͑1984͒ proposed the use of the TCEV distribution to analyze the annual flood series recorded in Italy. The TCEV distribution was also verified using maximum rainfall data measured in different Italian regions ͑Ferro and Porto 1999͒ and United Kingdom flood data ͑Arnell and Beran 1987͒. Rossi et al. ͑1984͒ hypothesized that floods can be described by two probability distributions, and the annual maximum value could be considered as the larger of two sets of independent and identically distributed random variables. The TCEV distribution was derived by assuming that both processes had rates of occurrence defined by the Poisson distribution and exponentially distributed magnitudes ͑Arnell and Gabriele 1988͒.
The TCEV distribution takes into account that in each historical sample of the observed x variable one or more annual maximum values stand much higher than the bulk of the remaining data so that two components are clearly distinguishable: the basic component, which takes into account the usual values; and the outlying component, which considers the extreme values.
Recently a physically based explanation of the two component structure in the maximum annual rainfall was given ͑Parodi and Boni 2000͒. Experimental observations, theoretical studies and numerical analysis ͑Tibaldi and Buzzi 1983; Tibaldi and Molteni 1990; Llsat and Puigcerver 1994͒ showed that European blocking affects the production and subsequent evolution of the highly intense rainfall. In particular the blocking condition affects the advection velocity of convective systems due to Mediterranean cyclogenesis and its interaction with orography ͑Tibaldi and Buzzi 1983͒. The absence or the presence of the blocking condition determines that rainfall systems are characterized by two different advection velocity values ͑Type 1 having a velocity equal to 1 m · s −1 , Type 2 having a velocity of 10 m · s −1 ͒. The blocking condition causes a persistence of the meteorological phenomenon in the same area and determines high rainfall amount ͑Llsat and Puigcerver 1994͒. In conclusion, blocking causes a bimodal condition in the velocity of rainfall systems and determines two different types of rainfall events. Taking into account that Sicilian rivers are characterized by flood events due to high rainfall events, as a consequence the bimodal condition in rainfall systems determines a two component structure in flood series.
The theoretical CDF of the TCEV law F͑x͒ is a probabilistic model with four parameters and could be expressed by a product of two extreme value Type 1 ͑EV1͒ distributions
where 1 , 2 ϭshape parameters and represent the mean number of events ͑maximum flood͒, which belong, respectively, to the basic ͑Component 1͒ and outlying ͑Component 2͒ components; and 1 , 2 ϭscale parameters, which represent the at-site central values of the hydrological variable ͑flood͒ for each component.
The basic component is characterized by a high number of events and by values of hydrological variables less than those corresponding to the outlying component so that 1 ӷ 2 and 1 Ӷ 2 .
To develop the regionalization procedure it is useful to introduce the standardized variable y = ͑x / 1 ͒ −ln 1 by which Eq. ͑1͒ becomes
where ⌰ ‫ء‬ = 2 / 1 and ⌳ ‫ء‬ = 2 / 1 ‫ء⌰/1‬ . Introducing the dimensionless variable xЈ, equal to the ratio between x and the mean value of the TCEV distribution, Eq. ͑2͒ becomes ͑Rossi et al. 1984͒
named the growth curve where
where ⌫͑ ͒= gamma function. For a fixed return period T, Eq. ͑3͒ requires only three parameters ͑⌳ ‫ء‬ , ⌰ ‫ء‬ , and 1 ͒ for the calculation of the hydrological variable xЈ in a selected area ͑i.e., conversion of the growth curve to quantile͒. Taking account of the definition of the dimensionless variable xЈ, the corresponding value of the variable x ͑flood͒ is then obtained by the following equation:
Based on Eq. ͑3͒, Fiorentino et al. ͑1987͒ proposed a threelevel hierarchical regional approach for the calculation of the variable x. According to these authors, at the first, highest level, the parameters ⌳ ‫ء‬ and ⌰ ‫ء‬ are assumed constant over a large region, so that, according to Eq. ͑2͒, the standardized variable y is identically distributed over the region. Since the coefficient of skewness ␥ of the TCEV distribution depends on ⌳ ‫ء‬ and ⌰ ‫ء‬ ͑Beran et al. 1986͒, then it is assumed to be constant over the same region. The regional homogeneity in the skewness coefficient then determines the accuracy of estimation of ⌳ ‫ء‬ and ⌰ ‫ء‬ . The second level of regionalization requires the identification ͑using cluster analysis or other methods͒ of homogeneous subregions, in each of which not only the coefficient of skewness ␥ but also the coefficient of variation ͑COV͒ is assumed constant. Since the third parameter 1 of Eq. ͑3͒ depends on the COV, then it is assumed to be constant over each considered subregion. At this level, the standardized variable xЈ is then identically distributed over each subregion, and the growth curve ͓Eq. ͑3͔͒ is completely defined in the same area.
At the third level, regression models are used to get index flood estimate at ungauged sites or at sites with short records.
The cumulative distribution function of the GEV law is a probabilistic model with three parameters and is expressed by the following equation:
where k͑ 0͒, , and ␣͑Ͼ0͒ϭ, respectively, the shape, location, and scale parameters of the distribution. According to Hosking et al. ͑1985b͒, a regional procedure for estimating the model parameters based upon a PWM algorithm can be used. The procedure requires the evaluation of the moments of order j =0, 1, and 2 of the dimensionless variable xЈ for the region of interest. A flood quantile for a site is then estimated by multiplying the dimensionless regional GEV quantile by the mean annual flood for the location, using the at-site sample or values obtained by a regression on physiographic basin characteristics. More recently, Gabriele and Arnell ͑1991͒ proposed a hierarchical approach for estimating the three parameters of the GEV, which is based on the same procedure suggested by Hosking et al. ͑1985b͒ . The approach considers three levels of analysis: the first level assumes that the coefficient of skewness ␥ and the parameter k are constant; the second level of regionalization requires the identification of homogeneous subregions where the coefficient of skewness ␥ and the COV are assumed constant. Since the parameters and ␣ of Eq. ͑6͒ depend on the COV, then they are assumed to be constant for each considered subregion; at the third level, regression models are used to get index flood estimate at ungauged sites or at sites with short records.
To apply any hierarchical regional procedure, a hydrologically homogeneous region ͑or subregion͒ must be defined by an appropriate statistical test. Then, for each level of regionalization, the assumed hypothesis ͑constancy of ␥ and/or COV͒ has to be verified. To do this, the hierarchical regional procedure has to be performed by using observed distribution of the statistic considered ͑␥, COV͒ in the area of interest. Then Monte Carlo simulations allow comparison between the theoretical ͑TCEV or GEV model͒ and empirical distribution of the corresponding statistics.
Discharge Data Used in This Study
The data used in this study cover a longer period of record than those used in the earlier investigation by Cannarozzo et al.
͑1995͒
, which extended up to the year 1982. In particular, the annual maximum peak flood ͑AMPF͒ recorded by the Italian Hydrographic Service for 43 gauging stations located in Sicily ͑Italy͒ were first used ͑Fig. 1͒. The length of data record N PF , covering the sampling period 1925 to 1994, ranges from 10 to 66 years, with a mean sample size equal to 23 years.
The investigation was also extended to the annual maximum mean daily discharge ͑AMDD͒ data recorded at 65 stream gauges over the same geographic area and covering the period 1923 to 1994. In this case, the sample size N DD ranges from 10 to 70 years with a mean value equal to 21 years. Summary statistics of both AMPF and AMDD data records are given in Tables 1 and 2. The former data set ͑AMPF values͒ was first checked for the separation effect proposed by Matalas et al. ͑1975͒ in order to test the inadequacy of several probability distributions used to fit the peak flood data recorded in Sicily. Following this criterion, each of the 43 Sicilian records was divided into k nonoverlapping sequences of length n = 10, 20, and 30 and the value of the coefficient of skewness g for each sequence was calculated by the following relationship ͑Rossi et al. 1984͒:
where ͑x͒ϭmean value of each sequence. Table 3 lists the distribution of k͑n͒, the number of sequences of length n, and the For each of the sample sizes ͑n = 10, 20, and 30͒, the mean ḡ and standard deviation ͑g͒ of estimates g were calculated first, and then the points ͓ḡ , ͑g͔͒ were plotted together with the data obtained by Matalas et al. ͑1975͒. Figs. 2͑a -c͒ depict these results directly, showing that the single points representing the Sicilian records ͑see symbol ࡗ͒ plot above the lognormal line calculated by Matalas et al. ͑1975͒ only for sample sizes n = 10 and 20 ͓Figs. 2͑a and b͔͒ and are thus characterized by the separation effect. On the other hand, for n = 30, Fig. 2͑c͒ does not seem to show any separation effect because it plots just above the line corresponding to the lognormal model. According to Matalas et al. ͑1975͒, this observed tendency for Sicilian records with n = 30 could be associated with the fact that fewer historical flood sequences for this sample size ͑only 11͒ were used to construct the graph. To check the influence of the number of records involved in this analysis, a nonparametric approach known as the bootstrap technique was used ͑Davison and Hinkley 1997͒. To apply this method, the frequency distribution of the standardized variable xЈ, including all the records pooled together, was first considered. Then 20,000 subsamples of size n = 10, 20, and 30 were drawn at random with replacement from this empirical 
First-Level Analysis
At the first level, Sicily was considered homogeneous with regard to the skewness coefficient ͑Cannarozzo et al. 1995͒. Considering only historical records with N ജ 15 years, the empirical skewness CDFs corresponding to 33 samples, having the same sample size and for which both the AMPF and AMDD sequences are available, are shown in Fig. 3 . This figure clearly shows that the two CDFs are coincident and this would suggest the hypothesis of using both the AMPF and AMDD sequences for performing a regional flood analysis ͑Cannarozzo et al. 1995͒. Following this hypothesis, the estimation procedure was carried out separately for TCEV and GEV parameters. The TCEV model required the estimation of both the regional parameters ⌳ ‫ء‬ pf and ⌰ ‫ء‬ pf , referred to the AMPF series, and ⌳ ‫ء‬ dd and ⌰ ‫ء‬ dd , referred to the AMDD sequences, respectively. Following the procedure suggested by Fiorentino and Gabriele ͑1985͒, the maximum likelihood ͑ML͒ estimates of the regional parameters led to the following results:
To verify the homogeneity of Sicily with regard to the coefficient of skewness, Monte Carlo experiments were performed for generating theoretical sequences with a fixed size N and distributed according to a TCEV model of known regional parameters ͑⌳ ‫ء‬ pf and ⌰ ‫ء‬ pf or ⌳ ‫ء‬ dd and ‫ء⌰‬ dd ͒. Figs. 4͑a and b͒ show the comparison between the empirical skewness CDF of the AMPF historical sequences and two theoretical skewness CDFs produced by the TCEV model, in which two different estimates of the regional parameters ⌳ ‫ء‬ and ⌰ ‫ء‬ ͓Eqs. ͑8a͒ or ͑8b͔͒ are used. Both the theoretical CDFs were obtained using a Monte Carlo technique by generating 20,000 synthetic series with a sample size N equal to the mean value coming from the empirical sequences. Fig. 4 clearly shows that the TCEV distribution is able to reproduce the empirical skewness CDF of the AMPF historical sequences only if the regional parameters ⌳ ‫ء‬ pf and ⌰ ‫ء‬ pf are used. The ability of the TCEV distribution, with regional parameters ⌳ ‫ء‬ pf and ⌰ ‫ء‬ pf estimated by the AMPF sequences ͓Eqs. ͑8͔͒, is also confirmed in Fig. 5͑a͒ , which compares the empirical and theoretical CDF of the standardized variable y ͓Eq. ͑2͔͒. On the other hand, Fig. 5͑b͒ shows that the TCEV distribution with regional parameters ⌳ ‫ء‬ dd and ⌰ ‫ء‬ dd deduced by the AMDD sequences ͓Eqs. ͑8b͔͒, clearly underestimates the reduced variable y.
The GEV model required the estimation of the regional parameter k according to the procedure suggested by Gabriele and Arnell ͑1991͒. Following this method, which accounts for the evaluation of the moments of order j = 0, 1, and 2, the shape parameter k assumed a value equal to −0.26. An independent simulation was then conducted by generating 20,000 sequences having a fixed size N and distributed according to a GEV model with a shape parameter k = −0.26. The comparison ͑Fig. 6͒ between the theoretical skewness CDF produced by the GEV model and the empirical skewness CDF of the AMPF historical sequences suggests that the GEV model shows a tendency to overestimate the empirical skewness, and then its use may be inappropriate to represent the AMPF historical sequences in Sicily.
For this reason, the GEV was discarded as parent distribution and the second level of analysis was carried out by using only the TCEV model and the AMPF data set.
Second-Level Analysis
Using historical records of annual rainfalls and statistical methods based on cluster analysis, Cannarozzo et al. ͑1995͒ proposed to divide Sicily into three homogeneous subregions ͑A, B, and C in Fig. 1͒ . A similar criterion to establish homogeneous subregions with respect to peak flow data was not possible at that time, as the sample size and number of historical records were very limited. Versace et al. ͑1989͒ suggested using the same homogeneous subregions identified by using rainfall records for flood analysis considering the hypothesis of coincidence of the parameter ⌳ 1 for rainfall and flood records. A second hypothesis that considered Sicily as a homogeneous region was also considered but did not lead to satisfactory results, as the TCEV model was unable to reproduce the empirical COV of the investigated sites. In this study, as a longer period of measurements is available, the hypothesis based on Sicily as a homogeneous region was checked first. Three different procedures were performed: the first is based on the R-statistic test ͑Wiltshire 1986͒; the second is based on the hypothesis of statistical self-similarity of each selected area considering sampling statistical moments ͑Gupta et al. 1994͒; the third is funded on the same hypothesis of statistical self-similarity by using the sampling probability weighted moments ͑Kumar et al. 1994͒.
Wiltshire Test
According to Wiltshire ͑1986͒, the shape of the cumulative distribution function of a regional flood frequency distribution can be considered to check the homogeneity of that region. The test is based on the following R-statistic which is expected to be distributed as 2 with ͑n −1͒ degrees of freedom:
where nϭnumber of the sites; G i Ј is calculated by the following expression: 
with i denoting the site; Nϭsample size, G ik ϭnonexceedance probability of the kth flood at the ith site; u i ϭsampling variance of G i Ј; and GЈ is defined as
͑11͒
The R-test was applied to the dimensionless variable xЈ for all the Sicilian sites having a sample size N greater than 25. The results of this test, reported in Table 4 , suggest that the hypothesis based on Sicily considered as a homogeneous region cannot be rejected because the R-value is less than the corresponding 2 at a 0.01 level of significance. The same result is obtained considering the sites having a sample size N greater than 30 ͑Table 4͒.
Gupta et al. Test
According to Gupta et al. ͑1994͒ , if the selected area is homogeneous with regard to the hydrological variable x ͑AMPF͒, the statistical moments
͑with A = basin drainage area; N = sample size; and j =1,2,...ϭorder of the moment͒ have to be log-loglinear in A, and the slopes s͑j͒ of these equations have to be linear in j.
Using data corresponding to the AMPF historical sequences, Figs. 7͑a and b͒ clearly show that the hypothesis of statistical self-similarity for Sicily considered as a homogeneous region could not be rejected because the s͑j͒ relationship is clearly linear for the historical sequence.
Kumar et al. Test
Kumar et al. ͑1994͒ made use of the sampling probability weighted moments
͑with F denoting the empirical CDF; Aϭbasin drainage area; Nϭsample size; and j =1,2,...ϭorder of the moment͒ to test the scale invariance in geophysical processes. Accordingly, wide sense simple scaling of flood probability occurs if
where m denotes the scaling exponent. Using data corresponding to the historical sequences AMPF, Fig. 8 clearly shows that the hypothesis of statistical self-similarity for Sicily considered as a homogeneous region could not be rejected because the relationship between the sampling probability weighted moments of order j = 1, 2, 3, and 4 and the basin drainage areas A are clearly parallel. This result is confirmed by the constancy of the values assumed by the scaling exponent m listed in Table 5 . For applying the theoretical growth curve ͓Eq. ͑3͔͒ in Sicily, the corresponding value of the parameter ⌳ 1 is needed. According to Arnell and Gabriele ͑1988͒, subregional values of ⌳ 1 are determined following these steps: 1. Taking the ⌳ 1 site estimates using the TCEV distribution with regional values of ⌳ ‫ء‬ and ⌰ ‫ء‬ ; 2. Calculating the following COV 1 statistic for each historical sequence:
COV 1 = 0.577 log ⌳ 1 + 0.251 ͑15͒ 3. Taking the average COV 1 value; and 4. Substituting the COV 1 mean value in Eq. ͑15͒ and calculating the corresponding ⌳ 1 value.
The COV 1 statistic is used because it is less variable ͑referred to its mean value͒ than ⌳ 1 . Using data from the historical sequences AMPF, the values of the ⌳ 1 and ␣ parameters are as follows: ⌳ 1 = 3.313; ␣ = 4.588 ͑16͒ Fig. 9 shows that the growth curve calculated by Eqs. ͑3͒, ͑8a͒, and ͑16͒ fits very well the xЈ empirical distribution, suggesting once more that the division of Sicily into three further subregions is not necessary.
Third-Level Analysis
At the third level of the regionalization procedure, an index flood approach has to be used to determine peak discharge values, corresponding to different return periods, in ungauged areas or sites with short records. In other words, the index flood x, equal to the mean value of each historical record, has to be estimated by regression analysis using catchment measurable parameters such as drainage area, streamline length, number of stream sources, etc. Analyzing 37 historical AMPF sequences, the best empirical relationships found for Sicily are the following: 
͑18͒
where S N ϭnumber of stream sources over each basin. Eqs. ͑17͒ and ͑18͒ plotted in Figs. 10 and 11 showed a correlation coefficient r equal to 0.91 and 0.90, respectively. In particular, Eq. ͑17͒ shows an MSE value and a standard error equal to 13,814 and 119.2, respectively, which are lower than those ͑17,795 and 133͒ shown by the equation proposed by Cannarozzo et al. ͑1995͒ using data extended up to the year 1982.
Conclusions
For a variety of design purposes, there is increasing interest in estimating floods for ungauged areas or for sites with short records. On the basis of a previous contribution by Cannarozzo et al. ͑1995͒, the study presented herein reports a regional investigation carried out in Sicily ͑Italy͒ aimed to evaluate the Q-T relationship anywhere in the region. The procedure outlined in this contribution is based on the use of the TCEV model and its hierarchical analysis to get the estimates of regional parameters of the distribution. The choice is due to the ability of a TCEV distribution to generate data having a skewness coefficient sufficiently variable to account for the effect of separation proposed by Matalas et al. ͑1975͒ . After a brief description of the TCEV model and its hierarchical procedure, both the AMPF and AMDD data sets used by Cannarozzo et al. ͑1995͒ and extended up to the year 1994 were used for performing the first level of the regional flood analysis. The analysis performed on the first data sets ͑AMPF͒, accounting for the separation of skewness proposed by Matalas et al. ͑1975͒ , confirmed the existence of the separation effect in Sicily.
The first level of analysis, which considered Sicily as a homogeneous region with reference to the skewness coefficient, showed that the TCEV distribution is able to reproduce the empirical skewness CDF of the AMPF historical sequences only if the regional parameters ‫ء⌳‬ pf and ‫ء⌰‬ pf are used for the simulation. This analysis also showed the inability of the GEV model to reproduce the empirical CDF of the skewness coefficients. The second level, which considered the hypothesis of homogeneity for Sicily with reference to the COV, showed that the three homogeneity tests used for the analysis ͑the first based on the R-statistic test; the second, on the hypothesis of statistical self-similarity of the area considering sampling statistical moments; the third, funded on the same hypothesis of statistical self-similarity by using the sampling probability weighted moments͒ suggested that the subdivision into three further subregions proposed by Cannarozzo et al. ͑1995͒ is not necessary. Finally, the third level of the regionalization procedure recognized that two different empirical relationships for estimating the index flood x could be used for establishing the Q-T relationship anywhere in the region. 
